A simple and an efficient procedure for the synthesis of 4,6-diarylpyrimidin-2(1H)-ones using atomized sodium/THF via a one-pot three-component Biginelli-like cyclocondensation of an aldehyde, a methyl ketone and urea under ultrasonic condition is developed. The method is mild and inexpensive; yields are high and the reactions go to completion within 10-15 min.
Introduction
In recent years synthesis of biological active compounds is in great demand. Pyrimidine nucleus is found in many natural bioactive products possessing multiple biological and medical properties [1] . Some of these compounds serve as antihypertensive, antibacterial, and anti-inflammatory agents [2] . The batzelladine alkaloids containing 3,4-DHPM isolated from marine sources inhibits the binding of HIV envelope protein gp-120 to human CD 4 cells [3] . Such properties make these pyrimidones highly important. There are only a few methods reported for the synthesis of DHPMs, wherein a one-pot cyclocondensation of methyl ketones with aldehydes and urea instead of 1,3-diketones is reported [4] . Heravi et al. used TMSCl and sulfamic acid as catalysts for the synthesis of 4,6-diarylpyrimidin-2(1H)-ones (DAPMs) [5] , Khosropour et al. used Bi(TFA) 3 immobilized on [nbpy]FeCl 4 [6] , and Cai-hui used con. HCl in ionic liquid [BMIM] [BF 4 ] to promote this reaction [7] . Other reported methods for the synthesis of DAPMs are from urea and 1,3-diphenylpropenone or 1,3-diphenylpropynone or 1,3-diphenylpropane-1,3-dione in the presence of NaOEt/Et 3 N or cyanouric trichloride/CF 3 SO 3 Zn as catalysts [8] [9] [10] [11] . The above reported methods suffer from drawbacks such as use of stoichiometric amounts of catalysts, expensive reagents, prolonged reaction time, and varying yields of the products.
In recent days multi-component reactions are preferred for the syntheses of a variety of organic molecules because of ease of execution, non-isolation of intermediates, short reaction times, and quantitative yields of the products [12] . In the last decade, sonochemistry has gained tremendous popularity in the field of organic syntheses for the reason that, it is more convenient, high yielding, reactions go to completion in short durations when compared to the traditional methods. Also, the number of steps involved are less and cruder reagents can be used under sonic conditions [13] [14] [15] [16] [17] [18] [19] [20] [21] . Richards and Loomis were the first to report the use of ultrasound in organic syntheses in the year 1927 [22] . In continuation of the work from our laboratory to develop new methods for the synthesis of various biologically important molecules such as N,N-disubstituted ureas/thioureas [23] , azines [24] , b-acetamido-b-arylpropiophenones [25] and aryl-14H-dibenzo[a,j]xanthenes [26] , we are reporting an effective protocol for the synthesis of 4,6-diarylpyrimidin-2(1H)-ones using atomized sodium in THF via a one-pot three-component cyclocondensation of methyl ketones and urea with various substituted aryl aldehydes under ultrasonic condition. This one-pot route is mild, energy efficient, and inexpensive. The yields are high (up to 90%) and the reactions go to completion within 10-15 min as shown in Scheme 1.
Results and discussion
We started our investigations with various catalysts, in various solvents under different reaction conditions in order to develop a new method for the synthesis of 4,6-diarylpyrimidin-2(1H)-ones via a one-pot three-component Biginelli-type cyclocondensation reaction. To standardize the conditions all the reactions were carried out with 4-(N,N-dimethylamino)benzaldehyde, acetophenone and urea as model substrates. Initially we selected a series of metals and conducted the above reaction to get high yield of the desired product with atomized sodium in THF as a solvent under sonic condition within 10-20 min. It was found that, at silent condition in-order to get the same yield we require to stir for 360-480 min as shown in Table 1 (entry b). It was also found that, with commercial LR grade sodium the yield is only 70%, which can be attributed to the presence of hydroxide/oxide layer on the surface of the metal, which requires cleaning first and then participation in the reaction. As the surface area of the atomized sodium is large the reaction with atomized sodium is fast and gives high yield of the product under sonic condition. Hence, pre-treatment of the commercial sodium to get atomized sodium is essential to get the high yield of the product in short reaction duration. However, the pre-treatment of commercial sodium with ultrasound for about 10 min followed by the reaction with the substrates did not improve the yield of the reaction, which may be due to the non-atomization of the sodium metal under sonic condition.
In order to verify whether THF is a suitable solvent or not for the above reaction, the reaction was carried out in various solvents and under solvent-free condition. The results of these studies are presented in Table 2 ; and it was found that, atomized sodium in THF is ideal in terms of yield and the time of the completion of the reaction. As I max (maximum cavitation intensity) and T Imax (the temperature at which I max is reached) of any solvent has a profound effect in sonochemical reactivity, I max of THF may be responsible for the increase in the reaction rate when compared to the other solvents [27] . Hence, the rate of the reaction under sonic condition gets accelerated substantially in THF when compared to other solvents.
For optimizing the amount of atomized sodium, we worked with different amounts of atomized sodium required for the reaction and the results of this study are given in Table 3 . From this Table it is clear that, equivalent amounts (2 mg atom) of the metal is essential for the present reaction.
In order to find the minimum amount of THF required to get maximum yield in short duration, the reaction was carried out in different volumes of THF and it was found that, the minimum amount of THF required to get the maximum yield of the product is 2 mL. The results of this study are presented in the Table 4 . From the data provided in Tables 1-4 it is also clear that, synthesis of 4,6-diarylpyrimidin-2(1H)-one (4f) using atomized sodium/THF via a three-component one-pot Biginelli-type cyclocondensation under the influence of ultrasound at 35 kHz is efficient and gives high yield of the product in short duration.
In order to find the generality of the use of atomized sodium in THF for the cyclocondensation of an aldehyde with acetophenone and urea under sonic condition, different substituted aromatic aldehydes and methyl ketones were selected and the reactions were carried out in a sonic bath working at 35 kHz (constant frequency, 80 W) maintained at 25°C by circulating water. The results of this study are presented in Table 5 . It can be seen that, the reaction is not influenced by the presence of neither electron donating nor electron withdrawing substituents on the aromatic ring of aldehydes and ketones at different positions. 
Effect of ultrasound on the reaction
Sonochemistry is a unique and distinctive chemistry, in which the physical properties of the medium will have a decisive effect on the chemical reactivity. The reactions carried out under the influence of ultrasound are considered to be clean and the method is green as it involves use of an energy efficient technique [30, 31] . The present reaction is an example of a three-phase system: the liquid phase (reagents in solvents), solid phase (atomized sodium and solid substrates), and the gas phase (dissolved gases in the liquids and gases on the inner-surface of the vessel) [31] . When sound waves pass through liquid medium, they induce vibrational motion to the medium, the solvent molecules then compress, stretch and oscillate around their mean position due to time-varying pressure, at a point when the intensity of the sonic waves is higher enough to break the intermolecular forces existing between the solvent molecules it breaks down and a cavity is formed. The process of generating cavitational bubble is called acoustic cavitation [30, 32] ; and the bubble collapse then becomes non-spherical near the solid surface i.e., near the surface of the solid atomized sodium and the surface of the vessel, which drags the liquid high-speed jets near the surface creating shockwaves which can activate the surface of the metal. The formation of the micro-jets and shockwaves create the localized erosion responsible for most of the sonochemical effects in the present heterogeneous reaction. The phenomenon of acoustic cavitation attributes to the accomplishment of the organic reactions under sonic condition [32] . The primary chemical reactions are due to the transient state of immense temperature, pressure and extraordinary heating rates which are generated due the cavitation bubble collapse [21] . The other effects are considered to be physical rather than chemical and judged to be 'false' sonochemical effects [33] .
Experimental

Materials and methods
All the chemicals used were commercially available reagents. All the solvents were distilled before use. THF was distilled and dried over sodium. All the reactions were studied using SIDILU Indian make sonic bath working at 35 kHz (constant frequency, 80 W) maintained at 25°C (by circulating water). The completion of the reaction was monitored on TLC (eluent: 8-10% ethyl acetate in light petrol), by comparison with the authentic samples. Melting points of the obtained products were determined using a Büchi apparatus. Nuclear magnetic resonance spectra were obtained on a 400 MHz Bruker AMX spectrometer in DMSO-d 6 using TMS as a standard. GC-Mass spectra were obtained using a Shimadzu GC-MS QP 5050A instrument equipped with a 30 m length and 0.32 mm dia BP-5 column with the column temperature 80-15-250°C. Infrared spectra were recorded using Shimadzu FT-IR8400s Spectrophotometer as KBr pellets for solids.
Typical experimental procedure for the synthesis of 4f: A mixture 4-(N,N-dimethylamino)benzaldehyde (0.274 g, 2.0 mmol), acetophenone (0.24 g, 2.0 mmol), urea (0.18 g, 3.0 mmol), atomized sodium (2.0 mg atom), THF (2 mL) were sonicated in a sonic bath working at 35 kHz (constant frequency, 80 W) maintained at 25°C (by circulating water) for 10 min. At the end of the reaction, liquefied reaction mixture suddenly becomes solid, to which water was added and shaken for few minutes. This was filtered through a sintered funnel to afford the crude product, which was further purified by recrystallization using absolute ethanol. 
Conclusions
We have developed an efficient synthesis of 4,6-diarylpyrimidin-2(1H)-ones by a one-pot three-component cyclocondensation reaction between an aldehyde, a methyl ketone and urea using atomized sodium in THF under sonic condition. This new protocol has advantages such as: (i) the use of cheap, easy to handle and commercially available sodium metal; (ii) short reaction times (10-15 min); and (iii) high yields (91-96%).
